ABSTRACT: Twenty-two Kiko crossbred male goats (Capra hircus; initial BW = 27.5 ± 1.04 kg) were used in a randomized complete block design to determine the effects of feeding pine bark (PB; Pinus taeda L.) on animal performance, rumen fermentation, blood parameters, fecal egg counts (FEC), and carcass characteristics in goats. Experimental treatments included the control diet [0% PB plus 30% wheat straw (WS)], 15% PB plus 15% WS, and 30% PB plus 0% WS (on as-fed basis), where PB replaced WS. Freshly air-dried PB and WS were fi nely (1.5 to 3.0 mm) ground and incorporated in the grain mixes. Experimental diets provided a total of 1.9, 16.3, and 32 g of condense tannins (CT)/kg DM in 0%, 15%, and 30% PB diets, respectively. The grain mixes were fed daily at 85% of the feed offered, with remaining 15% consisting of Bermuda grass hay (Cynodon dactylon). Animals were fed once a day at 0800 h, and feed offered and refused was monitored for an 83-d performance period. Rumen and blood samples were collected at d 0, 50, and 80 of the study. Carcass traits were assessed after slaughter at the end of performance period. There was no difference in initial BW, hay, and total NDF intake among treatments; however, fi nal BW (P = 0.06), ADG (P < 0.01), grain mix intake (P < 0.001), total DMI (P < 0.001), and G:F (P < 0.04) increased linearly as the PB increased in the diets. Rumen ammonia N, acetate, isovalerate and acetate-topropionate ratio were reduced linearly (P < 0.05). There was no difference in carcass traits except cold carcass weight (P = 0.06), which tended to increase linearly in goats fed 15% and 30% PB. Breast, sirloin, trim trait, liver, and hide weight increased (linear; P < 0.01) with addition of PB. Blood basophils, alanine transaminase, aspartate aminotransferase, albumin, Na, and Cl concentrations decreased (linear; P < 0.02 to 0.01) as PB supplementation increased. Supplementation of PB reduced (linear; P < 0.01) average FEC. Addition of PB in the diets improved performance, reduced FEC, and favorably modifi ed rumen fermentation.
INTRODUCTION
Pine bark (PB; Pinus taeda L.) is one of the abundant timber industry by-products and contains up to 11% condense tannins (CT) on a DM basis. Plant tannins exist primarily in hydrolysable tannins (HT) and CT (proanthocyanidins; Haslam, 1989) . The PB mainly contains CT such as catechin, procyanidin, and other polymeric procyanidins (Karchesy and Hemingway, 1980) . Unlike HT, optimum CT (2% to 4% CT DM) has a potential to improve animal performance without detrimental effects on animal performance (Barry and McNabb, 1999; Solaiman et al., 2010) . Improved nutrient utilization and animal BW gain in ruminants consuming CT-containing forage diets have been well reported (Barry and McNabb, 1999; Makkar, 2003; . Compared with other ruminants, goats are relatively less affected by antinutritional factors in many plants (Foley et al., 1999) . In fact, goats, deer, and antelopes are among several browsing animal species that can be induced by dietary tannins to produce a tannin-binding protein in saliva and that carry tannin-tolerant bacteria to overcome the negative impacts of CT on digestibility in the rumen, whereas this mechanism is lacking or poorly developed in other species, including sheep and cattle (Brooker et al., 1994) . Experimental work by McArthur et al. (1993) supported the concept that browsing ruminants will tolerate greater tannin loads if that is the cost of ingesting otherwise lowerquality diets.
Feeding forages containing CT or CT extract has been reported to decrease ruminal protein degradation and improve effi ciency of dietary protein . Pfander et al. (1969) found that up to 30% of woodderived products in the ration were nontoxic to wethers when fed for 5 yr and to ewes for 2 reproductive cycles.
The present study was conducted to determine the effects of PB supplementation on animal performance, rumen fermentation, blood variables, fecal egg counts (FEC), and carcass traits in Kiko crossbred male goats.
MATERIALS AND METHODS
The animals used in this study were cared for according to the Live Animal Use in Research Guidelines of the Institutional Animal Care and Use Committee of the Tuskegee University (Tuskegee, AL).
Animals and Diets
Twenty-two Kiko crossbred male goat kids (Capra hircus; initial BW = 27.5 ± 1.04 kg) were purchased from a private dealer in northern Alabama (Boaz, AL) and were used in this study. Goat kids, approximately 5 mo of age, were blocked by BW and randomly assigned to the experimental treatment groups in a randomized complete block design experiment. Goats were individually housed indoors in pens of approximately 1.2 m 2 with elevated fl oors and were fed grain mixes with different amounts of PB and long Bermuda grass hay (BGH; Cynodon dactylon) at 85:15 on an as-fed basis. An adjustment period of 4 wk allowed goats to become acclimated to pen living and routine feeding and to allot time for proper diet adjustment before the start of the study. On wk 1, all animals were fed a diet without PB (control diet). Starting on wk 2, in the adjustment period, experimental diets were gradually fed to animals, and at the end of wk 3, all animals were fed whole, preassigned experimental diets.
Experimental diets (Table 1) contained different amounts of the CT-containing ground PB replacing ground wheat straw (WS; Triticumaestivum). Experimental treatments included the control diet (0% PB), 15% PB, and 30% PB on an as-fed basis. The fresh PB was donated by a wood-processing company (West Fraser Timber Co. Ltd, Opelika, AL) and air dried under the shed before processing. Freshly dried PB (10.25% CT) was ground (Hammer Mill Model 1250; Lorenz MFG Co., Benson, MN) to approximately 3-mm particle size before mixing with the remaining ingredients of the diets. The WS (0.03% CT) was also ground (3 mm) and incorporated in the grain mix portion of the diets. Concentration of CT in 15% PB and 30% PB diets was 1.63% and 3.2% DM, respectively (Table 1) . The inclusion rate of PB was chosen, as we previously reported that benefi cial effects of CT in the diet on sheep performance may occur in the range of 2% to 4% CT of diet DM . Mixtures containing ground PB and WS were commercially prepared at the local feed mill (Eclectic Feed Mill, Eclectic, AL) . Experimental diets met requirements of all animals for growth and BW gain according to the NRC (2007). Diets were isonitrogenous and isocaloric but differed in NDF, lignin, and CT concentrations; lignin and CT concentrations were greater in 15% and 30% PB rations, whereas NDF concentration was decreased compared with control diet.
Animals were fed once a day at 0800 h and had free access to water and a trace mineral salt block. Grain mixes and hay were offered separately, and refusals were recorded daily. Amounts of feed offered were adjusted every 3 to 4 d to maintain the preferred daily refusal rate of 5% to 10%. Feed intake and refused feed were treated as daily repeated measures for 83 d for growth performance and BW gain effi ciency determination. Gain-to-feed ratio was calculated as ADG (g/d) divided by total DMI (g/d).
Sample Collection and Laboratory Analysis
Diet samples were collected every 2 wk. Composite samples for grain mixes and ingredient samples for BGH, PB, and WS (n = 3) were dried for 48 h at 55°C in a convection oven (model 420, NAPCO, Pittsburgh, PA). Samples were ground to pass a 1-mm screen (Wiley Mill, standard model 4, Arthur Thomas Co., Philadelphia, PA). Ground composite samples were analyzed for DM, lignin, ether extract, and minerals according to the methods described by AOAC (1998). Crude protein was determined using a Kjeldahl N method (AOAC, 1998) by multiplying N by 6.25. Dietary NDF (N included) and ADF were sequentially determined using an ANKOM 200 Fiber Analyzer (ANKOM Technology, Macedon, NY) according to the methodology supplied by the company, which is based on the methods described by Van Soest et al. (1991) . Acetone (70%) extractable CT in grain mixes was determined using a butanol-HCl colorimetric procedure (Terrill et al., 1992) .
Rumen fl uid samples were collected (10 mL) at d 0, 50, and 83 via a stomach tube approximately 2 h after morning feeding. The fi rst 10 mL of the samples were discarded to eliminate contamination with saliva. These samples were treated immediately using 1 mL of 50% (vol/vol) HCl for ammonia N analysis and 1 mL of a mixture of metaphosphoric acid (187.5 g/L) and formic acid (250 mL) for VFA determination (Min et al., 1998) . These samples were centrifuged at 17,000 × g for 15 min at 4°C, and the supernatant was stored at −20°C for later analysis. Concentration of NH 3 N in the rumen contents was determined as described by Rhine et al. (1998) . The VFA were quantifi ed using a GLC (model 6890 series II, Hewlett Packard Co., Avandale, PA) with a capillary column (30 m × 0.32 mm i.d., 1-μm phase thickness, Zebron ZB-FAAP, Phenomenex, Torrance, CA) and fl ame-ionization detection. Crotonic acid was used as an internal standard. The oven temperature was 170°C, was held for 4 min, then increased by 5°C/min to 185°C and then by 3°C/min to 220°C, and held at this temperature for 1 min. The injector temperature was 225°C, the detector temperature was 250°C, and the carrier gas was helium.
Blood samples were also collected on d 0, 50, and 83 via the jugular vein in EDTA (3 mL) and non-EDTA (10 mL) containing Vacutainer tubes (BD, Franklin Lakes, NJ) and were analyzed for complete blood counts and packed cell volume (PCV). Plasma was then harvested by centrifugation (1,500 × g) and stored at −20°C for analyses of blood serum metabolites (Blum et al., 1983) at the Tuskegee University Diagnostic Laboratory immediately after sampling. Total white blood cell numbers were determined by the method of Natt and Herrick (1952) . The lymphocyte population was evaluated from stained blood smears with brilliant crystal blue (Mukkur and Bradley, 1974) .
Goats for this experiment were strategically dewormed twice (d 0 and 10) with a commonly used anthelmintic (Cydectin; Moxidectin, Fort Dodge Animal Health, Fort Dodge, IA) to reduce or eliminate gastrointestinal parasites under supervision of a veterinarian; however, most resistant worms survived under a controlled environment. Fecal samples for FEC were obtained on d 0, 10, 40, and 80 from individual animals. Fecal egg counts were determined by a modifi cation of the McMaster technique (Stafford et al., 1994) .
Carcass and Noncarcass Traits
Final BW was obtained after 83 d, and goats were transported approximately 300 km to the Mississippi State University Meat Science Laboratory and kept overnight. On the next morning, before slaughter, goats were weighted after 24 h without feed and were harvested according to the USDA approved guidelines (USDA, 2001) . Transportation shrink (%) was measured by weighing animals before and after transport (overnight fasting live weight). Blood was collected and weighed. The esophagus was ligated, and the head, hooves, and skin were removed and weighed. The rectum was ligated, and the entire alimentary tract was removed and weighted. Noncarcass or internal fat was the sum of visceral and perirenal depots. The carcass and noncarcass organs and tissues were expressed in kilograms relative to fasted BW, which was the sum of these components minus digesta mass of the gastrointestinal tract. Postmortem necropsy examination and dissection of the kidney and liver were according to the method of Nietfeld (2010) .
Hot carcass weight was determined on the day of slaughter, and carcasses were chilled at 4°C for 24 h. Then, cold carcass weight (CCW) and carcass shrink weight were measured. Carcasses were ribbed between the 12th and 13th ribs for further evaluation. Fat depth over the midpoint of the LM at the 12th rib, body wall fat (BWF) measured at the lower point of the12th rib, kidney-pelvic fat (KPF), dressing percentage (DP), LM area (LMA), leg circumference, sirloin, loin, shoulder, breast, and trim weight were determined by a certifi ed USDA grader 24 h postmortem.
Longissimus muscle pH and temperature were measured at the 12th to 13th ribs 1, 3, 5, 7, 12, and 24 h postmortem using a pH and temperature meter with piercing electrode and temperature probes (Thermo Orion meter, Orion Research, Boston, MA). Ribbed carcasses were allowed to bloom for approximately 30 min at 4°C and were evaluated for objective color measurements. Commission Internationale de l'Eclairage lean color L* (muscle lightness), a* (muscle redness), and b* (muscle yellowness) values were measured from 2 readings at the 12th-rib LMA with a Hunter Miniscan XE Plus (Hunter Lab, Reston, VA) and were averaged to obtain a representative measure of initial lean color. The Miniscan used a D65 light source, a 10° viewing angle, and a 35-mm viewing area. The Miniscan was calibrated according to manufacturer's recommendations.
Statistical Analysis
Data were analyzed by the MIXED model procedure (SAS Inst., Inc., Cary, NC) for randomized complete block design with the factors examined being the 3 levels of PB supplementation in the diets. Linear and quadratic effects were determined using polynomial orthogonal contrasts for equally spaced treatments. Animals were the experimental unit and were treated as a random effect. The variables included were diet composition, feed intake, ADG, carcass and noncarcass traits, and blood parameters. Animal BW change, rumen fermentation and blood parameters, FEC, muscle pH, and temperature were analyzed as repeated measures with treatment, period, and treatment × period interactions. There were no treatment × period interactions (P > 0.10); hence, only the main effects are reported. Results are reported as least squares means. Signifi cant effects of the treatment were declared P < 0.05, and trends were accepted if 0.05 < P < 0.10.
RESULTS AND DISCUSSION

Intake and Growth Performance
Body weight, DMI, and growth performance of Kiko crossbred goats are summarized in Table 2 . Total DMI (linear; P = 0.001) and intake of grain mixes (linear; P = 0.001) increased as PB increased in the diets. Similarly, Solaiman et al. (2010) reported that total DMI of growing goats increased when sericea lespedeza (Lespedeza cuneata) ground hay (6.5% CT in DM) replaced alfalfa meal in the grain mixes, and Turner et al. (2005) reported that goats receiving the CT-containing sericea lespedeza hay (23.1 mg CT/g soluble protein) had greater DMI than those fed the alfalfa hay-based diet. Puchala et al. (2005) also demonstrated increased DMI in Angora does fed CT-containing Sericea lespedeza (17% CT in DM) compared with a mixture of crabgrass (Digitaria ischaemum) and tall fescue (Festuca arundinacea). This may be attributed to the fact that goats naturally prefer browse that contains bioactive secondary compounds, including tannins and other alkaloids. In addition, animals previously exposed to plant secondary compounds eat much more feeds containing secondary compounds than inexperienced animals (Villalba et al., 2004) . Ruminants that normally consume tannin-rich feeds appear to de-velop defensive mechanisms against tannins (Makkar, 2003) . Consequently, browsing animals such as goats, deer, and antelopes carry tannin-tolerant bacteria (e.g., Streptococcus caprinus; diplococcoid bacterium) and produce a tannin-binding salivary protein to overcome negative impacts on digestibility in the rumen, whereas this mechanism is lacking, or poorly developed, in other species, including sheep and cattle (Brooker et al., 1994; McSweeney et al., 2001) . Reported data and our fi ndings indicate that the optimum CT in forage and browse may be an important factor in regulating feed intake in goats.
There was no difference in initial BW of goats among treatments; however, fi nal BW tended to increase (P = 0.06), and ADG (P = 0.01) linearly increased, as ground PB increased in the diets ( Table 2 ). The presence of optimum CT in the diet can reduce protein degradation in the rumen and improve bypass protein fl ow to the small intestine , thus enabling more enzymatic hydrolysis of dietary protein in the lower tract (Jones and Mangan, 1977) . Previous studies have shown that the supplementation of CT in ruminant animal diets has both benefi cial and adverse effects on animal performance depending on the concentration and chemical structure of CT (Barry and McNabb, 1999; . reported that benefi cial effects of CT in the diet on sheep performance may occur in the range of 2% to 4% CT of diet DM. However, the wool growth response was negative when the CT concentration was above 5% CT of diet DM. Conversely, when CT concentration decreased below 2% of diet DM, the production response was variable. This may partially explain why the growth performance of goats in the present study was improved for those goats receiving diets containing 15% (1.63% DM CT) and 30% (3.2% DM CT) PB compared with control diet (0.19% DM CT). The ADG improved by inclusion of PB in the diet. This has been confi rmed by the fi ndings of Solaiman et al. (2010) that ADG was improved as CTcontaining sericea lespedeza increased up to 30% of total diet (2.22% CT). In both studies, diets were roughage based; therefore, further research is warranted to compare PB-or CT-containing diets. Although DMI of goats receiving PB diets was increased in the present study, gain effi ciency was also improved (linear; P = 0.04). This may be partially due to the shift in rumen fermentation pattern and reduced acetate:propionate (A:P) ratio in goats fed PB diets, refl ected in more effi cient use of energy in these goats, as explained in the next section. Williamson and Manach (2005) reported on the bioavailability, bioeffi cacy, and antioxidant properties of plant polyphenolic compounds in humans. The CT monomers of catechins (greater in green tea) and procyanidins (Pycnogenol extracted from French PB, red wine, and cranberries) affected plasma antioxidant activity, energy metabolism, and the vascular system. Quercetin (fl avonol type; greater in green tea and red wine) infl uences plasma antioxidant and carcinogenesis activities (Williamson and Manach, 2005) . Tannins have also been reported to apply other physiological effects, such as accelerating blood clotting, reducing blood pressure, decreasing the serum lipid concentration, producing liver necrosis, and modulating immunoresponses (Chung et al., 1998 ). Although it is not possible to defi nitively correlate the contribution of PB tannins to the benefi cial effects on animal performance in this experiment, the magnitude of difference and relatively small possible infl uences of other factors (e.g., phenolic monomers) confi rm the CT effect. However, the metabolic fate of a CT diet is still unknown in ruminant animals. It is important to note that CT are structurally complex and are mainly the polymerized products of fl avan-3-ols (catechin; C-2 and C-3) and fl avan-3,4-diols (leucoanthocyanidins; C-2, C-3, and C-4) or a mixture of the 2; therefore, it is not clear whether the observed effects are attributable to the CT component, the monomeric component, or both.
In addition to the effect of CT in PB on intake and growth performance, one may assume that changes in chemical composition of the diets by replacing WS with PB may have affected DMI and digestibility and, consequently, animal performance. Acid detergent fi ber and lignin have a primary effect on reducing digestibility (Van Soest, 1994) . Therefore, the greater DMI and improved G:F when animals were fed PB-containing diets would not result from favorable changes of dietary composition in our experimental diets except for CT.
Rumen Fermentation
Rumen fermentation variables are summarized in Table 3 . Rumen acetate (linear; P < 0.04), isovalerate (linear; P < 0.01), A:P ratios (linear; P < 0.01), and ammonia N (linear; P < 0.003) were reduced with increasing PB supplementation. Beauchemin et al. (2007) reported that supplementation with quebracho CT (1% or 2% DM) in beef cattle decreased the molar proportion of acetate, A:P ratio, and rumen ammonia N concentration compared with the control group without CT supplementation. There was no difference (P > 0.10) in blood urea N. Corresponding to the previous studies, our results demonstrated that PB containing CT supplementation consistently decreased the rumen ammonia N concentration and A:P ratio, indicating the ability of plant CT to modify rumen fermentation and bacterial community composition . In a mathematical modeling study, Black et al. (1987) showed that the effi ciency of use of ME is very low in ruminants fed forage diets producing high A:P ratios because of insuffi cient NAD phosphate being generated from glucose metabolism to allow for all the acetate to be incorporated into body lipid. One explanation for the greater ADG and G:F in PB-supplemented groups in the present study may be related to reduced A:P ratios (mainly decreased acetate), increased effi ciency of energy utilization, and improved protein bypass and utilization, evidenced by reduced rumen ammonia N concentration. Greater A:P ratios are associated with reduced ADG (Waghorn and Barry, 1987) . Satter and Slyter (1974) reported that a rumen ammonia N concentration less than 50 mg/L, as would be found with animals fed a straw diet, limits the synthesis of microbial proteins. In the present study, diets contained at least 15% CP and rumen ammonia N concentration ranged from 82 to125 mg/L (Table 3 ) and therefore were not likely to limit rumen microbial protein synthesis. In the present study, goats consuming CT-containing PB diets had decreased rumen ammonia N concentration, indicating that CT in PB reduced protein degradation in the rumen and resultant ammonia N concentration and may have improved effi ciency of N metabolism in the rumen. It has been reported that CT in the diet reduced soluble protein in the rumen and rumen ammonia N concentration in sheep but increased plasma essential AA concentrations and nonammonia N outfl ow from the rumen (Min et al., 2000 (Min et al., , 2002 .
Carcass and Noncarcass Traits
Carcass characteristics of goats fed experimental diets are presented in Table 4 . There was no difference (P > 0.22 to 0.90) in HCW, transport shrink, DP, 12th-rib fat thickness, LMA, BWF, leg circumference, loin, and KPF, whereas CCW (linear; P = 0.06), breast, sirloin, and trim traits increased (linear, P = 0.01) with the addition of PB. Previous research reported that lambs grazing on high-CTcontaining forage sulla (Hedysarum coronarium; 5% to 8% DM CT; Hoskin et al., 1999) had greater CCW, breast, and sirloin weights compared with those grazing on alfalfa (Medicago sativa; Niezen et al., 1995) . Compared with lambs grazing alfalfa (0.1% DM CT), lambs grazing CTcontaining bird's-foot trefoil (Lotus corniculatus; 3.4% DM CT) had greater ADG, CCW, DP, and wool growth (Wang et al., 1996) . Similar to our study, Ramirez-Restrepo et al. (2005) reported greater CCW, breast, and sirloin weights with lambs fed bird's-foot trefoil. It is not fully understood how CT affects carcass and noncarcass traits, and so this area needs further investigation.
Organ weights as a proportion of fasted BW are presented in Table 5 . Pine bark supplementation had no effect on the organ mass as a proportion of fasted BW for the blood weight, feet, heart, and lungs; however, liver and hide weights (linear; P = 0.01 and 0.02, respectively) were greater as PB increased in the diet. Gastrointestinal tract weight as a proportion of fasted BW tended to decrease (linear, P = 0.08) in goats fed 15% and 30% PB diets. Likewise, Frutos et al. (2004) demonstrated no effect of a chestnut tannins (hydrolysable tannins) supplemented diet on the carcass and noncarcass (empty gastrointestinal tract, skin, and fat depots) traits of lambs. However, Krueger et al. (2010) reported that mimosa-CT-treated steers had 15.2% greater rumen mass compared with chestnut-CT-supplemented and control diets (nontannin group). Feeding CT-containing PB (30%) to growing goats in the present study increased liver and hide weights by 15% and 16%, respectively, and slightly reduced (10%) gastrointestinal tract weight when compared with control diet. It is not clearly understood how CT affects liver and hide weights, but it is likely that goats fed a CT-containing PB diet may maintain a greater metabolic rate because of detoxifi cation of other absorbed PB secondary compounds. However, there were Control (0% PB), 15% PB, and 30% PB on an as-fed basis. Number of animals was 8, 7, and 7 on control, 15% PB, and 30% PB diets, respectively. Samples were taken on d 0, 50, and 83. There were not period × treatment interaction; hence, only the main effects are reported for VFA, ammonia, and plasma urea N.
2 Polynomial contrasts for equally spaced treatments.
no apparent pathological observations on liver or kidney tissues upon examination of these organs.
Meat Color and pH
Hunter colorimetric coordinates L*, a*, and b* for LM of Kiko crossbred goats are reported in Table 6 . The mechanism of action of tannins on meat color is not clear. Pine bark supplementation in the present study had no effect on the meat color (L * , a*, and b*). This is in contrast with the fi nding of Priolo et al. (2000) , who reported that lambs fed the CT-containing diets (2.5% DM CT) in carob pulp had a lighter color (greater L*) of LMA with decreased blood hemoglobin concentrations compared with those fed the non-CT-containing diet. The reason for these differences could be partially due to the decreased concentrations of pigments (hemoglobin and myoglobin) present in the blood of tannin-fed animals (Priolo et al., 2000) . On the contrary, no differences in the lightness of LMA and blood hemoglobin concentrations were observed in the present study. The CT-containing PB diets in the present study did not affect redness, yellowness, and lightness of meat. However, goats, being browsers, may use CT differently than sheep and cattle, and studies comparing the effects of CT and non-CT-containing forages and browse on meat quality and color are scarce for goats.
There was no difference in muscle temperature drop among treatments; however, goats receiving 30% PB diet had lower (P < 0.01) pH within the fi rst 10 h postmortem (Figure 1) . The pH was similar among treatments between 10 and 24 h postmortem. The ultimate pH is important to the chilled meat because it affects its shelf life, color, and quality. High ultimate pH values for goat muscle have been reported in the literature reviewed by Webb et al. (2005) . Goats receiving 30% PB (pH = 6.10 ± 0.2) had a 5.3% faster decline (linear; P< 0.01) in muscle pH within 8 h postmortem than control (pH = 6.61 ± 0.2) and 15% PB (pH = 6.36 ± 0.2) treatments. This may result in carcasses less prone to bacterial contamination and, consequently, longer shelf life (Warris et al., 1984; Warner et al., 1998) . In addition, high ultimate pH has been associated with both malnutrition in ruminants and stress in general, and such meat is normally darker in color (Priolo et al., 2000) .
Hemogram and Serum Chemistry
Hemogram and blood serum chemistry of goats consuming different amounts of PB are presented in Tables 7  and 8 , respectively. These variables were used as a diagnostic tool for screening animal health problems and abnormality. Serum concentrations of alanine transaminase, aspartate aminotransferase, α-glutamyl transpeptidase, alkaline phosphatase, and cholesterol are conventionally used for diagnosing human and domestic animal hepatic damage (Silanikove and Tiomkin, 1992) . The α-glutamyl transpeptidase has proven to be a sensitive indicator of minor bovine hepatic damage, whereas alkaline phosphatase Trim, kg 0.91 0.91 1.11 0.043 0.01 0.15 1 Control (0% PB), 15% PB, and 30% PB on an as-fed basis. Number of animals was 8, 7, and 7 in control, 15% PB, and 30% PB diets, respectively.
3 Dressing percentage = (HCW × 100)/fasting BW. Gastrointestinal tract 25.8 23.7 23.5 0.81 0.08 0.38 1 Control (0% PB), 15% PB, and 30% PB on an as-fed basis. Number of animals was 8, 7, and 7 in control, 15% PB, and 30% PB diets, respectively.
and cholesterol are used to detect bile obstruction and mild liver damage (Silanikove and Tiomkin, 1992) . In the present study, there was no difference (P > 0.10) in blood serum metabolites and hemogram of goats, except for alanine transaminase, aspartate aminotransferase, albumin, Na, and Cl, which decreased (linear; P < 0.03 to 0.01) as PB increased in the diet; however, all values were within the normal range for goats, suggesting that no liver damage occurred. This has been confi rmed by postmortem necropsy and dissection of the liver and kidney in this study (data not presented), which indicated no anatomical lesions on liver and kidney organs. In addition, there was no difference (P > 0.10) in red and white blood cells, except for basophils, which decreased linearly (P < 0.01) as PB increased in the diet, indicating that PB diet may not have a negative impact on the immune responses of growing goats. It has been reported that the consumption of pine needles (Pinus ponderosa L.) by cattle in late pregnancy caused abortions (Gardner et al., 1994) . The potential abortion-producing components from ponderosa pine needles have been identifi ed as a mixture of long-chain fatty acids and diterpene resin acids (Gardner et al., 1994) . However, the mechanism by which such an effect of PB on animal reproductive performance might occur and its potential side effects were not investigated in the present study. The HT are often present in leaves of trees, fruit pods, and plant galls, and unlike CT, their degradation products (ellagic acid or gallic acid to pyrogallo) are absorbed from the small intestine of animals (McLeod, 1974) and are potentially toxic to ruminants (Dollahite et al., 1962) . Usually, the microbial degradation of CT is to an extent less than that of HT, such as gallotannins and ellagitannins in both aerobic and anaerobic environments (Mingshu et al., 2006) . The threshold HT (e.g., tannic acid) added directly to the rumen contents in fi stulated animals was 3 to 5% in cattle but 8 to 10% in goats, apparently because the goats produced an active tannase in the rumen mucosa (Begovic et al., 1978) and carried tannintolerant bacteria to overcome negative impacts (Brooker et al., 1994) . Thus, it appears that the goats used in this study were well adapted to the PB supplementation up to 30% (1.6 to 3.2% CT of diet DM) without suffering any ill effects. This agrees with the data of Silanikove et al. (1996) , who demonstrated that CT-containing diets ranging from 5.0% DM CT in carob (Ceratonia siliqua) to 9.5% in oak (Quercus calliprinos) and 20.5% in mastic (Pistacia lentiscus) did not exhibit toxic symptoms in goats. The concentrations of CT fed in the current study were 0.19%, 1.63%, and 3.2% DM in 0%, 15%, and 30% PB diets, respectively, which were lower than those reported by Silanikove et al. (1996) .
Fecal Egg Counts
Average FEC (an indication of parasite load) was reduced (linear; P < 0.003) by 52 to 56% with 15 to 30% PB inclusion in the diet (Table 9) . Results from the current study indicated that animals consuming CTcontaining PB might have the ability to reduce FEC or inhibit the fecundity of the resistant worm parasite. In more detail, these were resistant worms that remained after repeated deworming that were eliminated by feeding PB diets. Alternative parasite control strategies have recently been suggested on the basis of using CTcontaining forages (Min and Hart, 2003; Shaik et al., 2006) . Shaik et al. (2006) reported that there was a direct effect of tannin-containing s. lespedeza hay (3.6% DM extractable CT) on adult worms, with signifi cantly fewer numbers of both abomasal (Haemonchus contortus, Teladorsagia circumcincta) and small-intestinal (Trichostrongylus colubriformis) nematodes compared with goats fed Bermuda grass hay (0% CT). The present study strongly supports this view, showing that goats consuming a CT-containing PB diet had a reduced FEC of the resistant worm compared with those receiving CT-free diets, which may have impacted the gain efficiency and ADG of our growing goats.
The CT may have direct effects on internal parasites themselves or may indirectly control the parasites by increasing the resistance of animals to intestinal parasites through improved protein nutrition. Possible direct effects could be mediated through CT-nematode interactions, which reduce nematode viability (Niezen et al., 1995; Min et al., 2005) . Indirect effects on resistance parasites could be mediated by changes in the supply of digested protein. Protein supplementation appears to be effective in enhancing specifi c immune responses for parasite infection and animal health . Houdijk et al. (2001) and Kidane et al. (2009) reported that metabolizable protein supplementation reduced fecal nematode egg excretion but improved animal performance and immune responses in parasitized ewes. Hence, dietary CT may benefi t parasitized ruminants by improving protein nutrition, which in turn may enhance the immune response of the animals to the parasite infection (Min and Hart, 2003) . This mechanism could also partly explain the reduced FEC found for the PB treatment.
Previous research reported that goats grazing a high-CT-containing forage S. lespedeza (15.5% to 22.4% CT/ DM; Min et al., 2005; Shaik et al., 2006) had decreased FEC but greater PCV than those grazing on non-CTcontaining crabgrass or tall fescue forage. In the present study, however, there was no difference (P > 0.10) in blood PCV and hemogram of goats as FEC increased in the feces, possibly because blood PCV may be affected by time and dominant parasite species, such as H. contortus (Shaik et al., 2006) .
The effect of PB on resistant strains of endoparasites is particularly interesting. The ability of CT to bind to proteins and to change their physical and chemical properties has to be considered, especially because the nematode cuticle is known to be a proline-and hydroxyproline-rich structure (Thompson and Geary, 1995) . This ability could explain the cuticular changes observed by scanning electron microscopy after contact with CT (Hoste et al., 2006) . Previous studies have shown that massive lesions have been found in the digestive and reproductive tracts of worms after contact with ellagic tannins (Mori et al., 2000) . The CT extracts from various forages have been shown to reduce the development of nematode eggs to L 3 infective larvae as well as the production of eggs (Molan et al., 1999) . A similar mechanism might arise in drug-resistant adult parasitic nematodes, with the external cuticle, the intestine, or the uterus being potential targets (Hoste et al., 2006) . As a consequence of their ability to bind to proteins, CT can also inhibit enzymatic activity of worms (Waghorn and McNabb, 2003) , which could explain more specifi c actions of these CT compounds in the PB diet. They also might interfere with enzymes secreted or excreted by the worms in the local environment or with enzymes involved in the metabolic pathways that are essential for nematode functions (Athanasiadou et al., 2001) . However, until specifi c studies are undertaken, the direct mechanism of anthelmintic effects of CT in PB will remain the subject of assumptions. Regardless of the CT-parasite interactions, CT-containing diets may hold promise as a practical means of reducing contamination of pastures with parasite eggs and of decreasing exclusive reliance on commercial anthelmintics.
Implications
This study has highlighted that CT-containing PB has the potential to increase ADG, BW gain effi ciency, and carcass traits, with no adverse effect on animal health. Pine bark containing CT also improved animal performance by altering rumen fermentation (VFA and ammonia production) and reducing internal parasite infections. The CT-containing PB may have affected rumen fermentation by altering rumen microorganisms and therefore warrants further investigation for its effects on rumen microbial community composition. AOAC. 1998 . Offi cial Methods of Analysis. 16th ed. Assoc. Off. Anal.
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